The present work studies the influence of hydrolytic enzymes (a-amylase or lipase) on the degradation of fiber mesh scaffolds based on a blend of starch and poly(e-caprolactone) (SPCL) and the osteogenic differentiation of osteogenic medium-expanded rat bone marrow stromal cells (MSCs) and subsequent formation of extracellular matrix on these scaffolds under static culture conditions. The biodegradation profile of SPCL fiber meshes was investigated using enzymes that are specifically responsible for the enzymatic hydrolysis of SPCL using concentrations similar to those found in human serum. These degradation studies were performed under static and dynamic conditions. After several degradation periods (3, 7, 14, 21, and 30 days), weight loss measurements and micro-computed tomography analysis (specifically porosity, interconnectivity, mean pore size, and fiber thickness) were performed. The SPCL scaffolds were seeded with rat MSCs and cultured for 8 and 16 days using complete osteogenic media with and without enzymes (a-amylase or lipase). Results indicate that culture medium supplemented with enzymes enhanced cell proliferation after 16 days of culture, whereas culture medium without enzymes did not. No calcium was detected in groups cultured with a-amylase or without enzymes after each time period, although groups cultured with lipase presented calcium deposition after the eighth day, showing a significant increase at the sixteenth day. Lipase appears to positively influence osteoblastic differentiation of rat MSCs and to enhance matrix mineralization. Furthermore, scanning electron microscopy images showed that the enzymes did not have a deleterious effect on the three-dimensional structure of SPCL fiber meshes, meaning that the scaffolds did not lose their structural integrity after 16 days. Confocal micrographs have shown cells to be evenly distributed and infiltrated within the SPCL fiber meshes up to 410 mm from the surface. This study demonstrates that supplementation of culture media with lipase holds great potential for the generation of bone tissue engineering constructs from MSCs seeded onto SPCL fiber meshes, because lipase enhances the osteoblastic differentiation of the seeded MSCs and promotes matrix mineralization without harming the structural integrity of the meshes over 16 days of culture.
Introduction
T issue engineering, as defined by Langer and Vacanti 1 in 1993, ''is an interdisciplinary field of research that applies the principles of engineering and the life sciences towards the development of biological substitutes that restore, maintain or improve tissue function.'' Specific tissueengineering applications, such as bone regeneration, often need a temporary scaffold with a three-dimensional (3D) architecture to support tissue growth. The ideal scaffold should be biodegradable and bioresorbable to support the growth of new bone. The scaffold degradation rate should complement the growth rate of the new bone in a manner that, by the time the defect or injury site is completely regenerated, the scaffold is totally degraded.
1,2 Biodegradable materials have the capacity to temporarily mimic the original 1 structural function of the tissue and to degrade by controlled mechanisms into products easily eliminated by the body's metabolic pathways. 3 In this perspective, we used enzymes present in human serum that are responsible for the enzymatic degradation of starch and poly(e-caprolactone) (PCL) (a-amylase and lipase, respectively) to simulate conditions found in vivo. In this study, we used a blend of starch and poly(e-caprolactone) (SPCL). Starch itself is one of the most abundant naturally occurring polymers, presenting a combination of attractive properties that is being increasingly used in a variety of applications. Starch-based biomaterials are biocompatible 4, 5 and biodegradable. 6, 7 Studies with starch-based scaffolds have shown that their degradation products do not have a negative effect on human osteosarcoma cells (SaOS-2 cell line). 8 Previous studies with SPCL fiber meshes have also shown that these scaffolds are able to support the attachment, proliferation, and differentiation of bone marrow stromal cells (MSCs).
9,10 a-amylase degrades starch-based biomaterials. In principle, the in vivo resorption rate of blends based on starch can be regulated by controlling the percentage of starch in the material, preferentially attacked by a-amylase, an enzyme present in the human body.
PCL is a biodegradable aliphatic polyester currently used in an array of biomedical applications. Several studies have reported that lipase degrades PCL. [11] [12] [13] [14] Lipases are watersoluble enzymes that hydrolyze ester bonds of watersoluble substrates such as triglycerides, phospholipids, and cholesteryl esters. 15, 16 The lipase gene family consists of multiple lipases that share a similar sequence structure at the genetic and protein level, thus indicating a common ancestral origin. However, these lipases have disparate and organspecific expression, indicating that they may have evolved relatively specific roles. The human lipases include the preduodenal lingual and gastric lipase and the extra-duodenal pancreatic, hepatic, lipoprotein, and endothelial lipase. 17 The pancreatic, hepatic, lipoprotein, and endothelial lipases are members of the lipase gene family. 17 Lipoprotein lipase has been described as a marker of adipogenic differentiation. [18] [19] [20] Serum lipase is mainly derived from pancreatic cells; other sources in the human body are the digestive tract, adipose tissue, lung, milk, and leucocytes. 3, 21 Several authors have described different enzymatic effects of lipase on PCL using species of lipase obtained from diverse sources. 12, 13 Enzyme characteristics such as source and specificity seem to influence the experimental results obtained with lipase. Some studies have also reported that the biodegradation rate of PCL depends on the shape and inherent surface area:volume ratio of the PCL substrate, with films being slowly degraded, whereas nano-and microparticles are quickly degraded. 13 Previous studies using static and dynamic (flow perfusion bioreactor) culture conditions for rat marrow stromal cells on SPCL fiber meshes have shown that flow perfusion conditions enhance differentiation of marrow stromal cells with subsequent formation of a bone-like extracellular matrix (ECM).
9,10 Holtorf et al. 22 showed that flow perfusion culture induced osteoblastic differentiation of rat marrow stromal cells seeded on scaffolds, even in the absence of dexamethasone (a glucocorticoid medium supplement that promotes osteoblastic differentiation of MSCs in culture).
In this work, we propose a novel approach, using static cultures and complete osteogenic media supplemented with enzymes, to study simultaneously the influence of aamylase and lipase on the degradation of SPCL fiber meshes as a function of immersion time and on the osteodifferentiation of rat marrow stromal cells.
This work was intended to mimic in vitro the in vivo degradation of the SPCL fiber meshes using enzymes responsible for their degradation at the same concentrations as those found in human serum. In addition to characterizing the susceptibility of SPCL fiber meshes to enzymatic degradation, this study aimed also to investigate the osteogenic differentiation of osteogenic medium-expanded rat MSCs and subsequent formation of ECM under static conditions in the presence of hydrolytic enzymes (lipase or a-amylase). By seeding rat MSCs onto SPCL fiber meshes and culturing them under static conditions using osteogenic media supplemented with lipase and a-amylase enzymes, we aimed to answer the following questions. What is the role of lipase and a-amylase in the degradation of SPCL fiber mesh scaffolds? Is the integrity of SPCL fiber mesh scaffolds rapidly compromised by enzymatic degradation, and if so, which enzyme is the most influential? Is there any effect of a-amylase and lipase on the osteogenic differentiation of rat MSCs?
Materials and Methods

Scaffold preparation and characterization
Porous scaffolds used in this study were based on a blend of corn starch and poly(e-caprolactone) (SPCL, 30/70%) prepared using a fiber bonding technique. 9 Scaffolds were cylinders with 8-mm diameters and thickness of 1.6 AE 0.1 mm. Before cell seeding, scaffolds were sterilized using ethylene oxide gas for 14 h. All chemical reagents were purchased from Sigma (St. Louis, MO) unless otherwise specified. 3, 24 from Aspergillus niger, both concentrations similar to those found in human serum, and sodium azide (0.2%), to avoid contamination, at 378C up to 30 days under static and dynamic conditions (shaker at 70 rpm). Based upon reports from the literature, the inclusion of sodium azide in the buffer solution was not expected to affect PCL degradation. 25 The studies were performed in triplicate. The enzymatic degradation solutions were changed every 7 days to restore the original level of enzymatic activity. At the end of the degradation period, the samples were removed, washed thoroughly with distilled water, and dried in a graded series of ethanol for later calculation of weight loss. 
Degradation tests
Micro-computed tomography
The scaffolds (n ¼ 3) were analyzed using microcomputed tomography (m-CT) before and after degradation with both enzymes (lipase or a-amylase) for the different pe- . The morphometric analysis included porosity, pore interconnectivity, mean pore size, and mean fiber thickness. Three-dimensional virtual models of representative regions in the bulk of the scaffolds were created, visualized, and registered using both image processing software packages (CT Analyser and ANT 3D creator).
Isolation and expansion of rat MSCs
Rat MSCs were harvested from the tibiae and femora of 41-to 44-day-old (151-175 g) male Wistar rats (Charles River Laboratories, Wilmington, MA) using established methods. 26 Briefly, rats were euthanized using 4% isoflurane in carbon dioxide (CO 2 ). The leg bones were excised, the soft tissue was removed, and the leg bones were placed in Dulbecco's modified Eagle medium supplemented with penicillin streptomycin Fungizone antibiotic cocktail. This concentration of antibiotics is three times as great as the normal concentration used in cell culture to avoid contamination during the harvest process. The proximal end of each femur and distal end of each tibia were clipped. An 18-gauge needle was inserted into the hole in the knee joint in each bone, and the bone was flushed with 5 mL of complete osteogenic medium (alpha minimum essential medium supplemented with 10% fetal bovine serum (FBS; Cambrex/BioWhittaker, Walkersville, MD), 50 mg/mL gentamicin, 100 mg/mL ampicillin, 10 mM Fungizone, 50 mg/ mL L-ascorbic acid, 0.01 M b-glycerophosphate, and 10 À8 M dexamethasone). The resulting marrow pellet was broken up by trituration, and cell suspensions from all bones were combined in a centrifuge tube.
The cells were plated in 75-cm 2 flasks and cultured for 6 days in complete osteogenic media at 378C in a humidified atmosphere of 95% air, 5% CO 2 to allow the expansion of the cells. Medium was changed at 1 and 3 days to remove the non-adherent cell population. After 6 days, the cells were trypsinized, centrifuged, and resuspended in a known amount of medium and 10% dimethyl sulfoxide to obtain a final concentration of 3Â10 6 cells/mL. Cells were aliquoted into cryotubes for storage (*1 mL cell suspension/cryotube). Each cryotube of cells was stored at À808C overnight and then stored in liquid nitrogen.
Cell seeding
Cryopreserved cells were thawed, and 5 mL of osteogenic medium was added per cryotube. Then, 2 mL of cell suspension (*1x10 6 cells) was plated per 75-cm 2 culture flask and cultured until confluence to have the necessary number of cells for seeding (500,000 cells/scaffold). At the end of this primary culture period, cells were lifted with trypsin solution (0.25% trypsin/0.02% ethylenediaminetetraacetic acid), centrifuged, and resuspended in a known amount of medium.
SPCL fiber mesh scaffolds were immersed in complete osteogenic medium overnight and press-fit into 8-mmdiameter cassettes on the following day. Cassettes were placed into 6-well plates, and then SPCL scaffolds were seeded with 500,000 cells in 300 mL of complete osteogenic medium. Cells were allowed to attach for 3 h before 10 mL of osteogenic medium was added to each well of a 6-well plate. After 24 h of attachment, the scaffolds were placed in new 6-well plates for 7 and 15 days with three different medium conditions (complete osteogenic medium with (1) lipase (110 U/L) or (2) a-amylase (150 U/L) or (3) without enzymes) to study the degradation of SPCL fiber meshes under conditions simulating those found in vivo. Media were changed every 3 days. Each group consisted of six samples.
DNA analysis
The cells in the cell-scaffold constructs were lysed by freeze-thaw in double distilled water (ddH 2 O). The DNA content of the lysates was quantified using a DNA quantification kit (PicoGreen, Molecular Probes, Eugene, OR) and correlating to a known amount of rat MSCs. Frozen scaffolds were thawed at room temperature, sonicated for 10 min, and vortexed to allow cellular DNA into solution. Buffer provided with the kit was diluted with ddH 2 O and placed in each well of a 96-well plate at 100 mL/well. DNA standard solutions in ddH 2 O in concentrations from 0 to 6 mg/mL were prepared, and 50 mL of standards/sample was added to each well of the 96-well plate. PicoGreen dye solutions were prepared according the instructions of the manufacturer using reagents provided in the kit and added at 150 mL/well. All of these procedures were performed in triplicate. After 10 min of incubation in a dark room, the fluorescence at 545 nm was read on a plate reader (FLx800, Bio-Tek Instruments Inc., Winooski, VT) to determine DNA concentrations per scaffold. A conversion factor of 2.7 pg of DNA/cell was used to calculate cell number based on MSC standards.
Alkaline phosphatase activity
Alkaline phosphatase (ALP) activity was determined using an established protocol 27 by measuring the conversion of p-nitrophenylphosphate to p-nitrophenol. All reagents were purchased from Sigma. For the assay, 96-well plates were used. In each well. 80 mL of sample or standard, 20 mL of 1.5 M alkali buffer solution (Sigma, cat. no. A9226), and 100 mL of phosphatase substrate solution (Sigma, cat. no. P5869) were added, and the plate was incubated for 1 h at 378C. Each sample and standard was prepared in triplicate. The reaction was stopped by adding 100 mL of stop solution (0.3 N sodium hydroxide). The standard curve was generated by preparing dilutions of p-nitrophenol standard solution (0-250 mM, Sigma, cat. no. N7660). Absorbance was read at 405 nm on a plate reader to determine enzyme concentration per construct.
Calcium deposition measurement
Calcium content in the SPCL fiber mesh scaffolds was measured using a Calcium Kit (Diagnostic Chemical Limited, Oxford, CT). After the ALP and DNA assays, a volume DEGRADATION AND DIFFERENTIATION EFFECTS OF LIPASE AND a-AMYLASEof 1 N acetic acid equal to the volume remaining in each well was added to each well (final concentration of 0.5 N), and the plate was placed on an orbital shaker overnight. A volume of 300 mL of calcium assay reagent was added to 20 mL of sample solution in triplicate in 96-well plates. To generate a standard curve, serial dilutions of calcium chloride were prepared (0-50 mg/mL). Absorbance was read at 650 nm in a spectrophotometric plate reader. The calcium deposition in each scaffold is reported as mg of Ca 2þ .
Microscopic analysis
After each time period, SPCL fiber mesh scaffolds were removed from the cassettes, washed with PBS, and stained with calcein-acetoxymethyl ester (calcein-AM; Molecular Probes) according to the manufacturer's instructions. To visualize the distribution of cells within the scaffolds, after 45 min of immersion in PBS with calcein-AM, images were recorded using a laser scanning confocal microscope with a 10Â APO objective (Zeiss LSM 510 META, Carl Zeiss, Oberkochen, Germany). Depth projections of the surface (up to 410 mm) were obtained, and the cells were colored as a function of their distance from the surface.
Scanning electron microscopy (SEM) was used to evaluate the morphological appearance of the rat bone marrow cells. Samples for SEM analysis were washed twice in PBS and fixed with 2.5% glutaraldehyde for 30 min. Then the scaffolds were washed with PBS, dehydrated in a graded series of ethanol, and dried using hexamethyldisilazane.
Fourier transform infrared spectroscopy with attenuated total reflectance
The cell-scaffold constructs were analyzed after 16 days of culture using Fourier transform infrared spectroscopy with attenuated total reflectance FTIR-ATR. The scaffolds were fixed in 2.5% glutaraldehyde, dehydrated in a graded series of ethanol, and dried at room temperature. All spectra were recorded using 64 scans and 4 cm À1 in a FTIR spectrophotometer (IR Prestige-21 FTIR spectrometer, Shimadzu).
Statistics
Results of porosity, pore interconnectivity, pores size, fibers thickness, DNA, ALP, and calcium assay are expressed as means AE standard deviations, with n ¼ 3 for each group. Statistical significance of differences was determined using the Student t-test multiple comparison procedure with a 95% confidence interval ( p < 0.05).
Results and Discussion
Degradation studies
The main aims of the degradation studies were to simulate physiological conditions using enzymes present in human serum that would be responsible for enzymatic hydrolysis of SPCL fiber mesh scaffolds in vivo, to control and tailor the degradation rate of the SPCL scaffolds, and finally to evaluate the possibility of increasing their porosity and pore interconnectivity through degradation.
SPCL is a blend of starch and poly(e-caprolactone). In this study, scaffolds based on SPCL were prepared using a fiber bonding process that uses heat to promote the bonding of the fibers that had previously been obtained using meltspinning. 9 When analyzing weight loss profiles using a-amylase and lipase, few differences were observed between static and dynamic conditions for each enzyme (Fig. 1) . One of the enzymes responsible for starch hydrolysis is a-amylase. The scaffolds immersed in a-amylase presented greater weight loss than the scaffolds immersed in lipase. A weight loss of approximately 25% was observed after 3 days of immersion in a-amylase, which increased slightly to 30% weight loss after 30 days of immersion (Fig. 1) . Nevertheless, immersion periods up to 30 days did not cause the scaffolds to lose their structural integrity. These observed results are in agreement with previous studies using a-amylase. 3, 7 Lipase is an enzyme responsible for hydrolysis of ester bonds in polyesters, and some studies have shown that lipase enhances PCL degradation. 7, 28, 29 PCL is a hydrophobic crystalline polymer that degrades slowly in vitro in the absence of enzymes and in vivo as well. The in vitro degradation can be enhanced in the presence of the enzyme lipase. 29 The values of weight loss in the presence of lipase were lower than those obtained in the presence of a-amylase, but these values are in agreement with other studies. 28 Weight loss remains constant up to 21 days, increasing slightly afterward (Fig. 1) . Several studies have reported the enzymatic degradation of PCL by lipase. [11] [12] [13] [14] 30 It is apparent from Figure 1 that the degradation of SPCL occurs in the presence of lipase, this enzyme being responsible for only 7.7 AE 1.6% weight loss after 30 days of immersion under dynamic conditions. These results are in accordance with several published studies. 12, 13 Hoshino et al. 12 showed the influence of different commercially available lipases on degradation of PCL. They presented the results of biodegradability of PCL films after 100 days incubation at 378C, and some commercial lipase species were able to degrade PCL completely, namely from alcaligenes sp., Rhizopus niveus, Rhizopus oryzae, Chromobacterium viscosum, and Candida rugosa. However, they presented different results with other lipases that showed values of weight loss of less than 5%, as when using the same lipase employed MARTINS ET AL.
in this study-Aspergillus niger. These results are in accordance with the weight loss after 30 days reported here. In contrast to its slow hydrolytic degradation, other studies with PCL showed high values of weight loss during enzymatic degradation when using Pseudomonas cepacia lipase, which has a specific activity on PCL segment degradation.
14 a-amylase and lipase contributed to different degrees to the degradation of the SPCL fiber mesh scaffolds, and the studies presented here with a-amylase show that this enzyme is responsible for higher values of weight loss than the ones obtained with lipase (Fig. 1) .
The morphological changes induced by degradation with these enzymes can be further confirmed using virtual 3D models obtained using m-CT, where it can be seen that aamylase and lipase affected SPCL fiber mesh scaffolds (Fig.  2) . However, as confirmed by weight loss results, a-amylase had a great effect in SPCL fiber meshes mainly at day 21 ( Fig.   2K ) and day 30 (Fig. 2F, L) . In Figure 3 , it is possible to observe the 3D virtual models obtained using m-CT as a function of immersion time in PBS using lipase solution. The effect of lipase is not as pronounced as images obtained after degradation with a-amylase; nevertheless, slight changes in SPCL fiber meshes were observed as a function of immersion time (Fig. 3) .
SPCL fiber mesh scaffolds before degradation presented an average porosity of 59.8 AE 2.6% (Fig. 4A) , with approximately 97% pore interconnectivity (Fig. 4B) . Figure 4A shows that both degradation conditions (lipase and a-amylase) enhanced the porosity of the scaffolds. Porosity results (Fig. 4A) show that both enzymes (lipase and a-amylase) have a significant effect on SPCL degradation as a function of degradation time. When lipase was used, significantly greater increase porosity was observed as a function of immersion time using dynamic conditions than with control samples. 
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Furthermore, a significant difference in porosity was obtained using lipase and under dynamic conditions from results obtained with the same enzyme under static conditions. Agitation seems to influence lipase (dynamic conditions), as seen in Figure 4A ; the porosity is greater than in control samples and under static conditions. In addition, no effect of lipase upon SPCL porosity using static conditions was observed.
In contrast to results obtained with lipase, a-amylase has a significant effect on SPCL degradation under static or dynamic conditions (Fig. 4A) . Moreover, results when a-amylase was used show that all time periods (except day 30 under dynamic conditions) under static and dynamic conditions presented significantly greater porosity than in control samples (Fig. 4A) . The effect of a-amylase on porosity seems to be independent of using static or dynamic conditions, as can be seen in Figure 4A . When comparing results obtained after degradation with lipase or a-amylase for the same period of time, significant greater porosity was observed only for the third and seventh days using a-amylase under static conditions. Some differences can be observed between static and dynamic conditions for both enzymes; the positive effect of lipase on the porosity of the scaffolds is higher for dynamic conditions, whereas the effect of a-amylase on porosity appears to be less dependent on the circulation (static/dynamic) of the degrading medium (Fig. 4A) .
The interconnectivity of SPCL scaffolds before degradation is high (*97%), and for all periods, the interconnectivity increases under static and dynamic conditions with aamylase (Fig. 4B) , although such differences are not easily perceptible through visual inspection because of the high range of interconnectivity. The same trend was observed for lipase (Fig. 4B) , and no significant differences were observed. However, dynamic conditions seemed to influence the interconnectivity when a-amylase or lipase was used.
Average pore size also increased upon degradation with lipase. According to porosity results (Fig. 4A) , the same trend was observed for pore size when lipase was used (Fig. 5A) . The pore size increase upon degradation with lipase was more pronounced for dynamic conditions (Fig. 5A) , being significantly different from control samples or static conditions (Fig. 5A) . In this respect, dynamic conditions enhance FIG. 4. Porosity (A) and pore interconnectivity (B) of starch and poly(e-caprolactone) fiber meshes after different degradation periods with lipase and a-amylase under static and dynamic conditions. Results are expressed as means AE standard deviation with n ¼ 3 for each bar. þSignificant difference ( p < 0.05) between conditions as a function of time compared with control samples. #Significant difference ( p < 0.05) between static and dynamic conditions (using the same enzyme) at the same time point. *Significant difference ( p < 0.05) between enzymes (lipase and a-amylase) under static conditions at the same time point. No significant differences were observed between dynamic conditions. the size of the pores (Fig. 5A ) relative to static conditions. As observed in Figure 4A , static conditions seemed not to interfere with the size of pores when lipase was used (Fig. 5A) . The pore size of the scaffolds was greater upon degradation with a-amylase than in control samples, although this difference wais only significant for the seventh and fourteenth days using static or dynamic conditions. A significantly greater pore size was also observed when a-amylase was used under static conditions than when lipase was used (7 th and 14 th day). The thickness of the fibers remained more or less constant using lipase (Fig. 5B) , which supports the low weight loss observed for lipase degradation media (Fig. 1) . No significant differences were observed between static or dynamic conditions. a-amylase caused thinner fibers under static and dynamic conditions than control samples as a function of time. Fiber diameter decreased upon degradation with aamylase, although differences between static and dynamic conditions were not significant, except for the third day of degradation under dynamic conditions. Comparing the action of lipase and a-amylase on fiber thickness, it is possible to observe significantly thinner fibers when lipase was used under static or dynamic conditions.
Assays
The results of scaffold cellularity are presented in Figure 6 . The DNA assay showed a significant increase ( p < 0.05) in late cell proliferation for SPCL fiber meshes that were cultured with osteogenic medium with lipase or a-amylase. After 16 days, the number of cells from scaffolds cultured with enzymes was much higher than the scaffolds cultured without enzymes; their cellularity increased three to five times between day 8 and day 16 of culture. In contrast, the DNA results showed a non-significant decrease in cell proliferation after 16 days for SPCL scaffolds cultured in static cultures without enzymes, in agreement with previous experiments.
9,10 SEM images confirm these results. A significant improvement in cell proliferation on the surface of SPCL fiber meshes cultured with enzymes is apparent (Fig. 7) .
ALP is an enzyme expressed by cells and is an early marker of osteoblastic differentiation. ALP expression was highest values at day 8 of culture for all conditions (Fig. 8) . According to Figure 8 , ALP activity without enzymes (control) was significantly higher than in groups with enzymes. Usually a maximum value of ALP coincides with early osteoblastic differentiation of marrow stromal cells. There was 
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a significant difference between the scaffolds cultured with and without enzymes for each time period. The presence of each enzyme caused lower ALP activity with than in the control. All conditions presented a significant decrease in ALP activity between day 8 and day 16, which was expected, because after this period, ALP activity usually decreases, and mineralization starts to take place. 9 The decrease in ALP expression when lipase was added to the culture medium (Fig. 8 ) was related to an increase in calcium deposition (Fig. 9) . The observed ALP activity levels corresponded with the observed calcium content only for the group exposed to lipase. However, ALP activity is a transient, early marker of osteoblastic differentiation, and peaks in ALP activity may have occurred at time points other than the ones assessed (days 8 and 16) for some groups. Because the production of a mineralized matrix is considered the endpoint in the osteoblastic differentiation of MSCs, calcium deposition results definitively mark the osteoblastic differentiation and expression of the cells. Previous studies showed low levels of calcium deposition in static cultures. 9, 10 After calcium deposition measurements, no calcium was detected for groups cultured with a-amylase or without enzymes after both time periods. However, constructs from the SPCL fiber mesh group cultured with lipase showed calcium deposition after day 8, with a significant increase after 16 days ( p < 0.05). These values obtained for calcium deposition were similar to 22, 31 or higher than 32, 33 in previous studies conducted in static cultures using different fiber meshes. Lipase seems to positively influence osteoblastic differentiation of rat MSCs and enhance matrix mineralization. Figure 10 presents different images obtained using laser scanning confocal microscopy showing that cells are viable and well spread and cover the entire surface of the fibers at day 8 and 16.
The images presented in Figure 11 were obtained from depth projections of SPCL fiber meshes after 16 Fourier transformed infrared spectroscopy with attenuated total reflectance FTIR-ATR spectra were obtained from SPCL cultured for 16 days under static conditions with and without enzymes (aamylase or lipase). This method was used as a complement to the calcium assay. When a-amylase or lipase was added to osteogenic media, it was possible to see bands centered at 1650 and 1542 cm À1 that can be attributed to amide I and amide II. The amide I band represents the stretching vibrations of C¼O bonds in the backbone of the proteins. 34 Furthermore, the amide II band arises from the combination of C-N stretching and N-H bending vibrations of the protein backbone. 34 
FIG. 10.
Laser scanning confocal microscope images of rat marrow stromal cells stained with calcein-acetoxymethyl ester at the top surface of starch and poly(e-caprolactone) fiber meshes with lipase (A, D) or a-amylase (B, E) or without enzymes (C, F) at 8 days (A-C) and 16 days (C, F). All images obtained using a 10Â APO objective. The scale bar is 100 mm and applies to all images.
FIG. 11.
Laser scanning confocal microscopy images of starch and poly(e-caprolactone) fiber meshes cultured for 16 days with lipase (A) or a-amylase (B) or without enzymes (C) obtained from depth projections. The scale bar is 100 mm and applies to all images.
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Analyzing the spectra when enzymes were added to culture media, it is possible to detect amide I and amide II bands, which confirms that these enzymes were able to adsorb to the SPCL fiber mesh surfaces. In addition, these bands can be correlated to the protein matrix formation. Moreover, phosphate bands located at 1020 cm À1 similar to the ones found in carbonate apatite were observed in SPCL fiber meshes cultured with lipase, clearly suggesting the presence of mineralized ECM and corroborating the results obtained from the calcium assay.
Conclusions
This study demonstrates the effect of lipase and aamylase on degradation of SPCL fiber mesh scaffolds, showing that, after 30 days, these enzymes did not have a negative effect on the structural integrity of SPCL fiber mesh scaffolds. The positive effect of lipase on the porosity and size of pores was clearly visible under dynamic conditions. a-amylase also enhanced porosity, pore size, and fiber thickness. However, no significant differences were observed under static and dynamic conditions when a-amylase solution was used. SPCL fiber meshes cultured with media supplemented with a-amylase or lipase revealed that these enzymes promoted the proliferation of rat MSCs. Furthermore, this study confirms by calcium content measurement and FTIR analysis that lipase has a superior effect in osteodifferentiation of rat MSCs and promotes ECM mineralization better when added to osteogenic culture medium than results obtained without enzymes or with a-amylase. These results demonstrate that supplementation of culture media with lipase holds great potential for the generation of bone tissue-engineering constructs from MSCs seeded onto SPCL fiber mesh scaffolds, because lipase enhances the osteoblastic differentiation of the seeded MSCs and promotes matrix mineralization without harming the structural integrity of the meshes over 16 days of culture.
